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1) The heptad repeat unit -Pro-X-X-segment found in gene regulatory proteins,
2) the -Phe-Phe-Val-sequence contained in Alzheimer's disease related b-amyloid peptide,
3) the two b-strands of the DNA recognition motif of the met repressor protein dimer, 4) and the repeat unit -Pro-Val-Orn-Leu-D-Phe-found in antibacterial gramicidins S, 5) etc. are given as examples of b-turn and antiparallel b-sheet structures in living body. The type IIЈ b-turn conformation adopted by the -Pro-X-X-segment can stabilize a b-turn conformation, and the -Pro-Val-Orn-Leu-D-Phesequence of gramicidins S adopts a stable antiparallel bsheet structure. To clarify the chemical stability, functions, and stereochemistry of b-turn (or b-hairpin) and antiparallel b-sheet structures, recently, the design and synthesis of peptides have been reported by a number of research groups.
6)
The model compounds which mimic b-sheet and b-turn structures have been shown to adopt b-hairpin structures in aqueous solution, and that hydrogen bonding can stabilize bturn structures.
This paper deals with the stereochemistry and chemical properties of the -Phe-Phe-Val-sequence contained in Alzheimer's disease related b-amyloid peptide, since the conformation, stability, and biological role of its hydrophobic sequence are poorly understood. First, we investigated the conformation and stability of parallel double-stranded peptides which consist of two parallel strands of -Phe-Phe-Val-conjugated by a mini loop. The conformation change was studied in the cases of the replacement of -Phe-Phe-Val-in -Phe-Phe-Leu-and of -Phe-Phe-Val-in -Phe-Phe-, etc. The design and synthesis of double-stranded peptides, e.g. 1,2-ethano-bis(AA)s and 1,12-dodecano-bis(AA)s (AAϭ amino acids) 1-3, were studied as a model of simple mini parallel b-turn-like peptide mimetics, as shown in Chart 1. Compounds 1-3 contain a parallel double-stranded peptide sequence conjugated with a spacer, such as an ethano-or dodecano-group in geometrical symmetry, and changes in the tertiary conformation can be expected from species of the amino acid residues or spacers. The conformation of parallel double-stranded peptides was analyzed by using both experimental and computational approaches. Studies by 1 H-NMR titrations, nuclear Overhauser effects (NOE), and circular dichroism (CD) spectrum measurements revealed the structure of the parallel 1,2-ethano-bis(L-Phe-L-Phe) and 1,12-dodecano-bis(L-Phe-L-Phe), etc. which mediate a b-turn sheet nucleation.
The CD spectra of the 1,2-ethano-bis(L-Phe-L-Phe-L-Leu), 1,12-dodecano-bis(L-Phe-L-Phe-L-Leu), and 1,12-dodecanobis(L-Phe-L-Phe-L-Val) conjugated L-Leu and L-Val residues show b-sheet nucleation. On the other hand, it is clear that the conformation of 1,12-dodecano-bis(L-Leu-L-Leu-L-Phe)
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Results and Discussion
Synthesis of Double-Stranded Peptides and Assignment of Chemical Shifts Three different types of C 2 symmetrical double-stranded peptides 1-3 were synthesized. The syntheses of 1,2-ethano-bis(peptide) and 1,12-dodecanobis(peptide) 1-3 conjugated with a spacer such as ethylenediamine or 1, 12-dodecanodiamine(4) at the C-terminal of the amino acid residues were carried out by stepwise condensation followed by coupling of carbobenzoxy protected-Lamino acid (CbzPheOH, Cbzϭcarbobenzoxy) with the spacer, as shown in Chart 1. The couplings were carried out by the C-activating method using N,NЈ-carbonyldiimidazole (CDI) 8) in dry chloroform (or the diethyl phosphoro cyanidate (DEPC) method 9) in dry dimethylformamide (DMF)). By coupling Cbz-L-LeuOH and 8a using CDI, we obtained the 1,12-dodecano-bis(L-Phe-L-Phe-L-LeuCbz) 9a. The target 10a (1,12-dodecano-bis(L-Phe-L-Phe-L-Leu)) was obtained by controlled hydrogenation over Pd/C mild catalytic deprotection of 9a in DMF/MeOH in an overall yield of 58.5%. To form a different configuration in these compounds, the D-Phe residue was introduced, and 6c and 8e were obtained as the enantiomer and diastereomer for 6a and 8a, respectively. The tert-butyloxycarbonyl group (ϭBoc) was used for N protection of D-Phe and removed with trifluoroacetic acid (TFA) to produce 1,2-ethano-bis(L-Phe-D-Phe), 1,12-dodecano-bis(D-Phe-D-Phe), and 1,
All free bases were purified in an overall yield of 40-60% after recrystallization and by silica gel column chromatography or by reverse-phase high performance liquid chromatography (RP-HPLC), and characterized by 1 H-and 13 C-NMR, IR spectrometry, FAB mass spectrometry, and/or elemental analysis. The purity of these double-stranded peptides was checked by thin layer chromatography (TLC) or analytical RP-HPLC. The samples were dissolved in MeOH and loaded on a 5ϫ150 mm Octadecylsilane (ODS) C18 column, and were eluted with 90% acetonitrile containing 0.05% TFA at room temperature. In order to demonstrate the effect of the secondary structure formation of parallel double-stranded peptides, we synthesized single-stranded peptides 17a, 18a, and 19a, as shown in Chart 2. The synthesis was performed by stepwise reactions of, for example, lauryl- amine with the corresponding amino acid residue employing CDI C-activation to produce a single-stranded peptide 19a in a total yield of 40%.
The 13 C signals of 1,12-dodecano-bis(peptide) could be assigned by 1 H-1 H 2D correlated spectroscopy (COSY), 13 C-1 H COSY, and distortionless enhancement by polarization transfer (DEPT) technique, and by comparison with the spectra of the constituent amino acids. The structural assignments of 1,2-ethano-bis(L-Phe-L-Phe-L-Leu) 16a (a) and 1,12-dodecano-bis(L-Leu-L-Leu-L-Phe) 10f (b) were made on the basis of chemical shifts and C-H COSY spectra measured by 500 MHz NMR in a 5 mM solution. The corresponding chemical shifts of the Phe 2 b-and Phe 3 b-protons (bHs) of 10f and 16a appeared at 2.72 and 3.08 ppm, at 2.78 and 2.98 ppm, respectively. The individual shifting of Phe 2 bH and Phe 3 bH suggests that the structure of the aromatic side chain has a rigid conformation in the intra-molecule. The 13 C signal of the a carbons of the key compounds, 6a and 8a, appeared at 56.48 ppm, and at 54.33 and 56.27 ppm, respectively. Further, the 13 C signals of the a carbons of 10a were observed at 53.43, 54.13, and 54.25 ppm at higher field than the signal of 6a and 8a. The two C a H signals of 1,12-dodecano-bis(D-Phe-L-Phe) 8e were observed at 53.85 and 56.20 ppm, while the signals of the diastereomer 8f appeared at 54.37 and 54.58 ppm in CDCl 3 /DMSO-d 6 (0.5/0.2 v/v%). The NMR data clearly show that the double-stranded peptides have different ensemble average conformations.
CD Spectrum Studies The secondary structure of 1,2-ethano-bis(L-Phe-L-Phe-L-X) (XϭLeu, Val, and without), 1,12-doecano-bis(L-Phe-L-Phe-L-X) (XϭLeu, Ile, Val, and without), and 1,
were examined by CD spectrometry under the same conditions in 85% methanol solution. The spectra showed the profile of the two CD spectrum types, class I and II. At CD profile of class I, the negative first Cotton effect in 10a-c was observed at 237 nm, and the positive second Cotton effect which showed a large value of molar ellipticity ([q]ϭ 1ϫ10 Ϫ4 deg cm 2 dmol
Ϫ1
), was measured at 205 nm, indicating a b-sheet or type II turn structure.
10) The CD spectra observed for the two enantiomers, 6a and 6c, 8a and 8c show the mirror image, and they are stereochemically pure. 1,12-Dodecano-bis(L-Phe-L-Phe-L-Leu) 10a and 10h are enantiomers. In fact, these CD spectra show the mirror image, as shown in Fig. 1 .
The CD profiles of the 1,2-ethano-bis(L-Phe-L-Phe-LLeu) 16a and 1,12-dodecano-bis(L-Phe-L-Phe-L-Leu) 10a are very similar to a b-sheet or type II turn-like conformation of literature data.
11) Moreover, the CD profiles of 10b, c, 10h, and 16a (class I) were also consistent with a b-sheet mimic conformation. However, the CD profile of 1,12-dodecanobis(L-Phe-L-Val-L-Leu) 10d when a -L-Phe is replaced with a -L-Val is different from that of 10a, and adopts a random conformation. In addition, the replacement of the tripeptide residue -L-Phe-L-Phe-L-Leu with -L-Leu-L-Leu-L-Phe affords 10f and exhibits a random conformation, as shown in Fig. 2 . This finding suggests that the aromatic interaction be- tween the C-terminal Phe on both strands is a primary factor to form b-sheet-like nucleation. The relationship between conformation and sequence of amino acid residues of double-stranded peptides 2 and 3 is summarized in Table 1 . Xϭamino acids and Yϭ1,2-ethano-and 1, 12-dodecano-, etc) is an important domain of mimetic mediator for b-sheet nucleation.
The depth at 237 nm of CD spectra of double-stranded peptides 6a, 8a, and 10a-c increases in (Fig. 2) . This order of the depth is equal to the order of mediation of b-sheet mimetic nucleation. Especially, sequences such as -L-Phe-X and -L-Phe-LPhe-X favor a b-sheet mimic nucleation in double-stranded peptides. To further investigate the b-sheet mimic nucleation, the CD spectra of 1,2-ethano-bis(L-Phe-L-Phe-L-Leu) were measured, as shown in Fig. 3 . As the CD profile of 1,2-ethano-bis(L-Phe-L-Phe-L-Leu) is similar to the profile of 1,12-dodecano-bis(L-Phe-L-Phe-L-Leu), the structure also adopts b-sheet mimic conformation. The depth at 238 nm of CD spectra of 1,2-ethano-bis(peptide)s 12a, 14a, and Phe-L-Phe-domain also adopts a b-sheet or type II b-turn mimic nucleation. From these results, the sequences of -Phe-Phe-X (XϭLeu, Ile, Val, etc.) are a useful probe for the design of b-sheet mimetic nucleation of double-stranded peptides. Thus we clarified the relationship between the conformation and amino acid residues in a double-stranded peptide.
The Fig. 4 . The difference (d ppm) of chemical shifts of the amide protons and a protons (aH) is summarized in Table 2 . The large downfield shifting (dϭϪ1.45 ppm) of the amide proton, -NH a -, in 14a indicates that the amide proton favors a hydrogen-bond structure in DMSO-d 6 , but the amide proton favors no hydrogen-bond structure in CDCl 3 . In contrast, the chemical shift of the amide proton, -NH b -, indicates that a hydrogen-bond is formed in both CDCl 3 and DMSO-d 6 . The downfield shifting of these amide protons of 8a and 16a also indicates that the compounds favor the conformation of the b-sheet mimetics.
12) An interesting observation in amide proton, -NH a CO-, as summarized in Table 3 , indicates the formation of a hydrogen bond between the amide protons of both strands. Such downfield shift of the amide proton, -NH a CO-, also was observed in 1,12-dodecano-
, and these observations support that 10a and 10b are an important probe for formation of a doublestranded b-turn structure.
The assignments of the NOE cross coupling between the backbone -NHCO-and C a H of 8a, 10a, 10f, 14a, 16a, 18a, and 19a, etc. were achieved by using 500 MHz NOESY (and/or rotating frame nuclear Overhauser and exchange spectroscopy ( ) also support that the conformation of 10a adopts the nucleation mediated b-sheet mimetics in CDCl 3 . In contrast, in the NOE cross peaks of 1,12-dodecano-bis(L-Leu-L-Leu-L-Phe) 10f, the lack of observed NOE cross peaks between the three amide protons (-NH a, b, and c CO-) and the three C a H 1, 2, and 3 at C a1, 2, and 3 (a carbons 1, 2, and 3 ) supports that 10f is a random conformation. Moreover, the large 3 J NHc,CaH2 ϭ9.3 Hz and 3 J NHb,CaH1 ϭ8.4 Hz coupling constants are also acceptable values for a random structure. 13) This observation is consistent with the result from the CD studies.
On the other hand, the d aN NOE cross peaks between aH 5 (right) . This data suggests that the structure of 19a is ahelix or 3 10 helix 14) mimic nucleation. As the double-stranded peptide 10a and 19a have the same sequence residue, -LPhe-L-Phe-L-Leu (N terminus), the pattern of NOE cross peaks should be similar; however, the pattern of NOE cross peaks is dissimilar (left in Fig. 5 ). The NOE data clearly support that the double-stranded peptide 10a has a very different time average conformation from the single-stranded peptide 19a. The strong d NN connectivities show that the peptide chains of 19a mediate a-helical mimic nucleation. Therefore, the reason why 10a is different from the conformation in spite of the same sequence is derived from the parallel double-strand effect by the dodecano spacer. This behavior of NOE cross peaks of 10a is most likely a result of the interaction of the one strand with the other strand in the doublestranded peptides. As expected, the structures of doublestranded peptides are influenced by an intramolecular interaction between the two strands.
The NOE cross peaks are present in between Phe 1 aH and o-protons of Phe 2 side chain on 1,12-dodecano-bis(L-Phe-DPhe) 8f. The observation of NOE cross peaks between dodecano-spacer protons and aromatic protons of Phe in 8a and 8e confirms the folded structure, as shown in Fig. 6 , because the cross peaks suggest that the conformation adopts a more b-turn-like-structure than the linear structure. As an interesting long-range NOE cross peak is also observed between Phe 1 aH and amido proton -NH c CO-in 1,2-ethano-bis(LPhe-L-Phe-L-Leu) 16a, it suggests that 16a is a folded conformation. Similar NOE cross peaks in the NOESY spectra also could be obtained in 10a, 10b, 10g, 16a, and 16b, etc. so that the distance between the protons of spacer and the aromatic protons of Phe side chain (and protons of Me groups in Leu) is within 3.5 Å for double-stranded peptides in DMSO-d 6 /CDCl 3 solution. In addition, the low J NHa,C1H2 coupling constants (ϭ5.2-5.5 Hz) with the spacer's proton (-C 1 H 2 -) of the amido proton, -NH a CO-, also support a bturn-like-conformation at -C 2 H 2 -C 1 H 2 -NH-CO-(dihedral angle; wϭϪ70°) of each strand folded structure for 8a, 8e, 10b, and 10f, etc. In the NMR of 10a in CDCl 3 , the selective upfield shifts of o-hydrogen (dϭ7.02 ppm) of the Phe side chain are originate from a strong interaction such as anisotropy effect and suggest that the o-hydrogen interacts with the other Phe with edge-to-face geometry.
Conformations, Dihedral Angle (q q), and Energy Calculations The energy calculations were performed by use of the MM2 method 7) to obtain the low-energy conformational geometry of the mini parallel double-stranded peptides. For conformers of 1,2-ethano-bis(L-Phe-L-Phe) 14a and 1,12
were considered, and the calculations were performed with under constraints for the dihedral angles, q (from 0 to 180°-195°rotation) and y. The J values measured by NMR were translated to the dihedral angles, f and w, by using the Karplus equation 15, 16) and the resulting data are summarized in Tables 4 and 5 . The low-energy conformers of 8a and 14a match the conformation proposed from experimental results (NOEs, J NH,aH and J C1,NH ) so that the b-turnlike-conformer is better than the linear conformer.
The average dihedral angles, f and w, of 14a were determined from coupling constants, J NHb,aH1 ϭ7.6 Hz and J NHa,C1H2 ϭ4.4 Hz (16a) in CDCl 3 /DMSO-d 6 solution. Compound 14a has average dihedral angles of fϭϪ87°and wϭϩ90°.
17) The dihedral angles (wϭϪ90°, fϭϪ87°, yϭϩ180°) indicate a b-turn-like structure. The minimized steric energy of 14a is Ϫ28.4 kcal/mol at qϭϪ15°, and the steric energy at qϭϩ180°is Ϫ21.6 kcal/mol, and the most probable conformers (wϭϩ90°, fϭϪ87°, yϭϩ180°, qϭϪ15°, form a) of 14a are presented in Fig. 7 . The steric energy for the b-turn-like structure is lower than that of ahelical mimic structure at dihedral angles (wϭϩ90°, fϭϪ47°, yϭϪ57°) in CDCl 3 /DMSO-d 6 solution. The dihedral angle (wϭϩ90°) of 1,2-ethano-bis(D-Leu) observed by 1 H-NMR almost coincided with the value (wϭϩ95°) obtained by X-ray crystallography.
17) These findings support that 14a favors a b-turn-like structure.
The dihedral angles, f and w, of 8a were determined from coupling constants, J NHb,aH1 ϭ7.6 Hz and J NHa,C1H2 ϭ5.4 Hz. The geometries of the conformer were minimized under constraints for backbone dihedral angles, fϭϪ89°, yϭϩ180°, wϭϪ70°obtained by the experiments. Under the constraint, particularly, we calculated the low-energy conformers of 8a varied for dihedral angle, q, from 0 to 210°, as plots of q dependence energy in Fig. 8 . The low-energy conformers qϭϩ75°(DEϭϪ3.8 kcal/mol) and 180°(DEϭϪ7.9 kcal/mol) obtained at yϭϩ180°which are more stable than the conformers at yϭϩ115°. The structure of 8a was as- signed to a spiral b-turn-like structure (fϭϪ89°, yϭϩ180°, qϭϩ75°or 180°). The results are satisfied with the Ramachandran angles. The most probable conformers (wϭ Ϫ70°, fϭϪ89°, yϭϩ180°, qϭϩ75°, form e) of 8a are presented in Fig. 9 . Here, if 8a is a structure mediated a-helical mimic nucleation, the compound has average dihedral angles of fϭϪ47°and yϭϪ57°. Figure 9b shows the plot of q dependence of energy. If 8a is a nucleation mediated ahelical mimic structure, the low-energy conformers are energically more unstable than that of the b-turn structure. The coupling constant (J NHb,aH1 ) should provide ca. 3.9 Hz. 18) In summary, the structure of parallel double-stranded peptides 8a and 10a (not shown here), etc. nucleates a parallel b-turnlike conformation and two low-energy conformers are generated under constraints at dihedral angles fϭϪ89°and yϭϩ180°rotation (Fig. 9) .
Binding Affinity In order to investigate the chemical properties of double-stranded peptides, which form a b-turnlike conformation, binding studies were performed by UVvisible optical titration under Baba-Nagakura type condi-
19) The method of titration is provided in the experimental section. The calculation is performed for 14a, based on the NOE connectivities and observed coupling constant (J Hz). The conformer a is the most stable at dihedral angle qϭϪ15°and a-c adopt a nucleation mediate by a b-turn-like structure. The energy minimized conformer d (qϭϪ45°) calculated under constraints for dihedral angle (wϭϩ90°, fϭϪ47°, and yϭϪ57°), and adopts a a-helix-like structure. Energy was calculated under constraint using the corresponding dihedral angles, wϭϪ70°, fϭϪ89°, and yϭϩ115°(and yϭϩ180°) (a), and wϭϪ70°, fϭϪ47°, and yϭϪ57°(b), determined from the observed 3 J aN (Hz). The (a) and (b) introduced 8a in a turn b-strand and a turn a-strand conformation, respectively. 
Turn a-helical
a) See Fig. 7 for description of backbone dihedral angles (q) and structures of the double-stranded peptides. b) Calculated values. 
The calculation is performed for 8a, based on the NOE connectivities and observed coupling constants (J Hz). From Fig. 8a , the e and f are the most probable conformations (qϭϩ75°and ϩ180°) and adopt a b-turn-like structure. The yϭϩ115°of conformers g, h, and i is chosen to reflect typical dihedral angle y for b-sheet structure to compare e and f with g, h, and i conformers. 
Turn The values of a free energy of formation, ϪDG (kcal/mol), of the host-guest complex were calculated by Eq. 2. The guests, azobenzene, pyrene, or N-phenyl-1-naphthylamine (PHA) were used in all cases to determine K a , since there is non-overlapping absorption with that of Phe.
As seen in a typical titration curve of Fig. 10 , the titration spectrum with 1,12-dodecano-bis(L-Ile-L-Ile) 8b and azobenzene (guest, [L 0 ]ϭ2.11ϫ10
) was consistent with formation of a 1 : 1 inclusion complex with an isosbestic point at about 280 and 360 nm. The K a was estimated to be 1.2ϫ10 4 (M
) [ϭ(1.22ϩ1.24ϩ1.03)/3ϫ10 4 ] as the mean value of the apparent K i obtained from the absorbance (A i ) at 310, 320, and 330 nm in methanol. The ϪDG of 8a pyrene complex (ϭ6.2 kcal/mol) is 1.5 kcal/mol larger than that of 8b · pyrene complex (ϭ4.7 kcal/mol). The increase in its binding energy means that the hydrophobicity of the binding site in dodecano double-stranded peptides is increased by the side chain on the Phe residue. When the replacement of a single residue (from Phe to Ile) in 10a is afforded, the intensity of the binding constant is higher than that of 10e. In fact, the stability of inclusion complex formation increased in order of 10a · azobenzeneϾ10b · azobenzeneϾ10d · azobenzene. The thermodynamic data for the binding complex are summarized in Table 6 . For understanding structure-function relationship based on the order, we studied the binding with the double-strand peptides of PHA. A similar result, for instance, was obtained from the complex formation by interaction with 10a and 10d of PHA. The results showed that the stability increases in order of 10a · PHAϾ10d · PHA. We examined how the substrates fit into the size and conformation of the binding site. Table 7 shows that the diastereoselectivity of 1,2-ethano-bis(L-Phe-L-Phe) 14a and 1,2-ethano-bis(LPhe-D-Phe) 14b for substrate (azobenzene) was observed, and ϪDG energy for inclusion complex, 1,2-ethano-bis(LPhe-D-Phe) · azobenzene, increases about 0.5 kcal/mol compared with 1,2-ethano-bis(L-Phe-L-Phe) · azobenzene complex.
By including the substrate in the binding site, the peptide mimetic system gave binding constants that are different by several kilocalories by changing the amino acid of the host, as shown in Table 6 . The intensity change in the binding energy indicates that the binding site of class I type in double strand peptides is strongly lipophilic, compared to the class II type. According to the hydrophobic parameter value (p) of several amino acids reported by Akamatsu and Fujita 11c) replacement of a single residue -Ile-Ile from 8b to -Phe-Phe 8a increases the sum of the hydrophobic parameter from 3.62 to 3.90. Consequently, the thermodynamic data demonstrate the importance of the hydrophobic parameter on the doublestranded peptides. Interestingly, the 6a · chalcone complex with an electron withdrawing group in the intermolecule, of 6a increases the ϪDG (ϭ6.9 kcal/mol), depending on the effect of p-p stacking based on the charge transfer between chalcone and side chain on the residue. The best hosts (ϭthe artificial receptors) for binding with the substrate are observed with Class I CD type of the double-stranded peptides and probably resulted from fit orientation of substrate within binding site of -L-Phe-L-Phe-L-X (Xϭamino acid) from NMR studies as described in the previous section. Our results show that the double-stranded peptides of class I CD type bind with substrate stronger than those of class II CD type.
Conclusion
In this work, double-stranded peptides, X (i) The turn-structure and -conformation of doublestranded peptides also were confirmed by the thermodynamic data for the inclusion of substrate.
(
were consistent with literature data of a bturn sheet mimic conformation.
(iii) The b-sheet conformation was characterized by J NHb, aH1 value in the range from 7 to 9 Hz. (iv) The geometry based on NOESY, J NHb, aH1 values, and computational calculation of 1,12-dodecano-bis(L-Phe 1 -LPhe 2 ) has the average dihedral angles at wϭϪ70°, fϭϪ89°, yϭϩ115°, qϭϩ75°(and ϩ180°) and adopts a structure mediated parallel b-turn sheet-like conformation in solution.
(v) The selective downfield shift of the amide protons on double-stranded peptide also suggests the possibility of bturn sheet and hydrogen bonding interaction, as shown in Fig. 11 .
(vi) The presence of a low-concentration of d NHa,aH1 and d Phe,spacer supports an intrastranded hydrogen bonding (a) in a double-stranded peptide, but not the interstranded hydrogen bonding between dimer (b), as shown in Fig. 11 .
The chemical and biological functions of -Phe-Phe-Valor -Phe-Phe-sequences contained in Alzheimer's disease related b-amyloid peptide are not known yet, however our results support that the sequences play an important role to replace the conformation to b-sheet structure. The doublestranded peptides should prove to be very useful compounds in medicinal chemistry. Further study of these and related double-stranded peptides should continue to provide insight on the origins of turn b-sheet and biological activities.
Experimental
Materials Melting points were taken on a Yanako (MP-21) apparatus and are uncorrected. IR spectra were recorded with a JASCO A-100 spectrophotometer and UV-visible spectra with a JASCO U-best 30 spectrophotometer.
1 H-and 13 C-NMR spectra were recorded with a JNM GX-270 (270 MHz), a-500 (500 MHz), or Valian GEMINI 300 (300 MHz) spectrometer with TMS (tetramethylsilane) as an internal standard. FAB mass spectral data were recorded with a JEOL JMS-HX110 spectrometer, and relevant data are tabulated as m/z. TLC was performed using Silica gel 60 F 254 (Merck) plates and the following solvent systems: CHCl 3 -MeOH (20 : 1) (A) and CHCl 3 -MeOH (10 : 1) (B). The peptides were detected on the TLC plates using iodine vapor or UV absorption. Silica gel column chromatography was performed on Wako gel C-200 (100 mesh) or Merck Silica gel 60N (100 mesh). Analytical RP-HPLC was carried out on a TOSO CCPD system equipped with a Tskgel (ODS-120T) column. Elemental analyses were done as by Yanako HCN corder (MT-3). All UV-vis and CD spectra used commercial solvents of the highest available purity for spectroscopy.
Typical Synthesis. Typical Synthesis of the 1,12-Dodecano-bis(LPheZ) (5a) CDI (3.98 g, 22.0 mmol) was added to a solution of Z-LPheOH (6.20 g, 21.0 mmol) in dry CHCl 3 (50 ml). After stirring for 1.5 h at room temperature, 1,12-dodecanodiamine 4 (2.0 g, 10.0 mmol) was added to the stirred solution, then stirred overnight. This solution was evaporated to dryness. After addition of aq. MeOH, the solid was collected, and washed with aq. MeOH, 5% citric acid, 5% NaHCO 3 , and water, and dried in vacuo. The resulting product, 5a, a colorless solid was obtained in 97.0% yield, and the crude product (3.5 g) was purified by column chromatography on silica gel (45 g) eluted with CHCl 3 and 3% MeOH/CHCl 3 (stepwise elution); mp 157-158°C (from aq. , and triethylamine (TEA) (0.62 ml) in dry DMF (20 ml) was added DEPC (0.86 g, 5.3 mmol) at 4°C. The resulting solution was stirred at 4°C for 1 h and then at room temperature overnight. The solution was poured into ice/water, and the precipitate was collected by filtration, washed with 5% citric acid, 5% NaHCO 3 , and water, and dried to give colorless crystals of 9b: 81.0% yield, and the product was purified by column chromatography on silica gel ( The following compounds, 5a-9h were prepared from the corresponding Z(or Boc)-protected amino acid similarly to the above described method. 6 mmol), and TEA (0.2 ml) in dry DMF (10 ml) was added DEPC (0.35 g, 2.2 mmol) at 4°C. The resulting solution was stirred at 4°C for 1 h and then at room temperature overnight. The solution was poured into ice/water, and then the precipitates were collected, washed with 5% citric acid, 5% NaHCO 3 , and water, and dried in vacuo: 87.0% yield. The crude material obtained was purified on a silica gel (50 g Deprotection. Synthesis of the 1,12-Dodecano-bis(L-Phe) (6a) 5a (3.80 g, 4.98 mmol) was dissolved, by heating on a water bath, in MeOH/DMF (120 ml/30 ml). A slurry consisting of 5% Pd/C (0.75 g) was added, and the mixture was shaken in a hydrogen atomosphere. The catalyst was removed by filtration, and the filtrate and washings were combined and evaporated. The residue crystallized with water in an ice bath, to afford 6a (2.61 g, 87.8%) of colorless crystals: Rf (A) 0. The following compounds, 6a-10h were prepared from the corresponding Z(or Boc)-protected amino acid with similarly to the above described 
Synthesis of 1,12-Dodecano-bis(D-Phe-D-Phe) (8g)
To N a -Boc protected 7g (2.00 g, 1.9 mmol) anhydrous TFA (12 ml) was added dropwise over a period of 0.5 min. The mixture was stirred at 4°C for 80 min, and then was poured into ice/water, and adjusted to pH 7-8 with 5% NaHCO 3 and 1 M NaOH. The resulting solid was collected, washed with water, and dried in vacuo: 74.7% yield. The product was purified with silica gel (35 g) column chromatography eluting with CHCl 3 and 3% MeOH/CHCl 3 (stepwise elution) to give 8g as colorless crystals: mp 128-129°C (from ether/MeOH); TLC Rf (B) 0.50. , 8.56; N, 10.94. Found: C, 70.61; H, 8.49; N, 11.00. 1, To N a -Boc protected 15b (0.732 g, mmol) anhydrous TFA (6 ml) was added dropwise over a period of 0.5 min. The mixture was stirred at 4°C for 60 min, and then was poured into ice/water, and adjusted to pH 7 with 5% NaHCO 3 . The resulting solid was collected, washed with water, and dried in vacuo: 94.7% yield. The product was purified with silica gel (50 g) column chromatogra- 8a, 8e, 8f, 10a, 10g, 14a, 14b , and 16a in CDCl 3 . In 2 separate NMR tubes 9.0 mg of 8a and 1.0/0 and 0. Binding Studies UV data were collected on a JASCO U-best 30 spectrophotometer in a 10 mm quartz cell in methanol. The value of association constant (K a ) was the average of the mean values obtained in the evaluation of the three individual 1 (nm). 
Energy Calculation
The energy calculations were performed by using the CS software with MM2 to determine a minimum energy conformation (local minimum) of mini double-stranded peptides, and by assuming fixed dihedral angle (∠C5-C6-C7-C8, q (degree)) in dodecano spacer.
